Abstract: Fiber-metal laminates (FMLs) such as Kevlar reinforced aluminum laminate (ARALL),
Introduction

33
Hybrid materials such as fiber metal laminates are being widely used in aerospace and 34 automobile industries to replace the conventional metals and alloys for additional weight reduction,
35
strength, and fuel economy [1] . Lightweight alloys, for instance, aluminum have lower fatigue 36 strength and damage tolerance whereas, the composite materials like carbon fibers or glass fibers 37 have a poor impact and residual strength. Such materials in the form of Fiber metal laminates 38 produce a synergistic effect and offer better fatigue resistance, mechanical as well as thermal
39
properties and improved environmental protection [2, 3, 4] .Fiber Metal Laminate (FML)，as its great gap between thermal expansion coefficient of the Kevlar fiber and aluminum alloy, the great 48 residual stress during the solidifying and cooling process was produced which made it difficult for 49 the fabrication of large curvature components and thus restrain the applications in the aerospace and 50 aircraft field [7] . In order to solve the problems of big residual stress and poor formability, the 
62
In general, the traditional approach to measuring the relationship between stress and strain, as 
66
that the tensile strength increased with the increasing strain rate and the strength were maximum for 67 carbon-based FML structures, minimum for glass-based FML and hybrid FML material lies between 68 them. Ankush P. et al. [14] had found from the tensile test of the glass fiber-reinforced metal 69 laminates that the lay-up sequence had no influence on the initial modulus of the FMLs, but the 70 ultimate strength and post-ultimate strength behavior were significantly affected by it, analyzed by 71 the numerical simulation and experimental phenomenon. However, this kind of method mainly 72 makes it deform on the laminate plane surface and prone to produce the phenomenon of instability.
73
In one hand, the tensile test restrains the total deformation that can be reached by the sheet material.
74
On the other hand, the necking effect and section distortion of the specimen induce the lateral stress 75 which leads to the inconsistent with the axial stress ( 1 σ 
78
In order to solve the above-mentioned problems, it has been widely used to apply hydraulic 79 bulging test to obtain the mechanical behavior of the sheet materials. 
188
In order to study deeply on the forming limits and formability of the multilayer sheet especially 189 the materials in the middle, the paper works on the stress-strain and wall thickness distribution of 
286
(1) Compared with the three-layer aluminum sheet hydro-bulging process, the fiber material 287 substituting in the middle have distinct influence on the forming limit measured by the limit 288 bulging height and maximum cavity pressure. Glass and Kevlar fiber used in the study is more 289 conducive to the improvement of multilayer sheet formability while carbon fiber has little or 290 even no impact.
291
(2) There is a big difference in stress-strain and wall thickness distribution of aluminum alloy and 
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